On July 7, 1970 an instability line occurred in the vicinity of Kyushu in the southeast quadrant of a cut-off cold low over the Korean Penninsula. In this paper the development of the instability line on July 6 is investigated, which was not treated in detail by the previous investigators who studied its situation on July 7.
Introduction
It is well known that under a cut-off cold low severe cumulus convections sometimes occur with heavy precipitation (SCHERHAG, 1948) . Weather distribution associated with the cut-off low is characterized by such asymmetry that bad weather is usually prevalent on the east side of it (HsTEH, 1949; PELTONEN, 1963) . From his extensive investigation, NAKAYAMA (1972) pointed out that in the bad weather region on the east side convective clouds tend to develop outside of an upper jet stream surrounding the low. Furthermore, according to him, other regions favorable for the development of convections are found out in the cyclonic wind shear region inside the upper jet stream on the west side and east of a weak trough within the cut-off low.
In the first decade of July, 1970, a cold trough stretched southeastward from Mongolia until it grew into a cut-off low over the Korean Penninsula on July 6. Next day radar observation revealed that convective clouds appeared in a band several hundred kilometers long in the southeast quadrant of the low. Recorded maximum rainfall brought about by it exceeded 100 mm in total in the northwestern part of Kyushu which was located under the convective cloud band during the whole day.
The convective band on July 7 had already been studied by MATSUMOTO (1972) , NINOMIYA AND AKIYAMA (1974) , and YABANA AND MIYAZAWA (1974) . They all directed their special attention to a low-level jet stream which occurred along the convective cloud band and discussed the interaction between convective activity and the transverse circulation accompanied by the low-level jet, based on the proposal by MATSUMOTO AND NiNomiYA (1971) . But they did not make fully clear the early stage of the development of the convective cloud band. Such investigation is helpful for discussion about the mechanism of the formation of a convective cloud band since the study of its mature stage only may not reveal whether or not the low-level jet is the result of interaction between the mesoscale system under consideration and the large-scale condition of the atmosphere.
In his case study NINOMIYA (1971) showed that some features associated with severe storms such as a low-level jet, warming and moistening in the upper layers result from the modification of large-scale conditions through their interaction with severe storms. In addition, the convective cloud band seemingly developed in the southeast quadrant of the cut-off low, as in NAKAYAMA's (1972) investigation and NINOMIYA's (1971) case, but the development of the convective cloud band may not have initiated in the southeast quadrant since there are some evidence that the convective band extended westward beyond the radar surveillance. Therefore, the present case is interesting from the view point of the formation of a convective cloud band as well as of the relationship between convective activity and cut-off low.
In this paper an attempt will be made to reveal the development of the convective cloud band on July 6 by using surface data from ships and a satellite cloud picture and to examine some features of large-scale conditions prior to and after the formation of a convective cloud band: the existence of a low-level jet stream and a vertical motion field in the mid-troposphere associated with the cut-off low.
Development of the instability line
Radar observation revealed that a band of convective echoes lay just west of Kyushu during the whole day on July 7, 1970 (MATSUMOTO, 1972 NINOMIYA AND AKIYAMA, 1974; YABANA AND MIYAZAWA, 1974) . It can be shown from 3-hourly surface analysis that the band of convective activity is traced back up to the morning of the 6th. Figs. la to c are surface maps at 15 JST and 21 JST on the 6th, and 03 JST on the 7th, July, 
1970, respectively.
In these figures the data plotted in parentheses are those reported from ships of fishery companies, Maritime Safety Agency, Fisheries Agency and Defense Agency (which were collected by the Nagasaki Marine Observatory under the Severe Rainstorms Research Project) and the area blacked out is the radar echo area which was detected by radar observations at Sefurisan station (47-806) and the ship Keifumaru located at 31.5°N, 128.5°E.
At 03 JST, July 7, a radar echo band, about 600 km long, is detected to extend from west of Keifumaru to north of Kyushu under radar surveillance ( Fig. lc) . Weather reports describe that, along the radar echo band, shower, thunder and lightning occur, indicating intense convective activities. It is furthermore noteworthy that another belt of lightning was observed far west of the radar echo band. Judging from the preceding and following maps, the belt of lightning to the east of Shanghai seems to be connected with the convective echo band revealed by radar observation at that time. Hence it XXVI No . 4 follows that the belt of convective activity area extended over a thousand kilometers . Since beyond the radar surveillance the details of its structure cannot be obtained from surface weather reports only, the belt will be hereafter called an instability line, along which convective phenomena occur. Fig. lb shows that at 21 JST, July 6 the greater part of the echo band which was to be detected 6 hours after had not yet been formed and only an echo area of about 150 km long appeared west of the Keifumaru on the radar scope. In addition to radar observation, reports of rain with thunder from near 31.5°N, 125°E and of lightning near 32.5°N, 123°E suggest that the instability line extended westwards from the radar echo area about 100 km north of its position at 03 JST, July 7. Northerly wind prevails on the north side of the instability line, while west-southwesterly wind does on the south side. This fact indicates the existence of a surface convergence zone along it.
At 15 JST, July 6 ( Fig. la) the instability line is inferred to be located about 100 km further north of its position 6 hours after. Although a radar echo area detected is only about 100 km long west-northwest of the Keifumaru, it is expected from observation of rain with thunder at 32.5°N, 124.5°E that the instability line run west-northwestward from the convective echo area. A patrol boat reported that hail with 1 to 2 cm in diameter fell with gust wind at 14 JST. Thus, cumulus convection along the instability line may be considered to be very active. The existence of a wind shear zone along the instability line is not evident in Fig. la , and at about 33°N, 124.5°E the observed wind direction turned from WSW to NW by 16 JST. It is therefore inferred that a wind shear zone became intense about that time.
The above inferred location of the instability line at 15 JST, July 6 can be supported by a satellite cloud picture. Fig. 2 is a cloud photograph sent by ITOS-I at 1449 JST, 1975Development of an Instability Line under a Cut-off Low171 July 6. Thick clouds associated with a cut-off low spread over the western Japan Sea and the Korean Penninsula, and cloud clusters scattered in the Yellow Sea and the northern East China Sea. It is here noteworthy that a cloud cluster, about 300 km long and about 150 km wide, can be found near 33°N, 126°E in the northern East China Sea. This cloud cluster is characterized by its high brightness and its sharp southern margin, indicating that it is composed of convective clouds. It is easily seen from a comparison between Figs. la and 2 that the southern margin of the cloud cluster coincides with the location of the instability line inferred from surface analysis. It may also be concluded that the instability line does not reach north of 35°N. The shower within one hour before reported from Talien (54-662) at 15 JST is considered to be brought about by a small thick cloud line over Liaotung Bay or one over the Shangtung Penninsula in Fig. 2 . Fig. 3 shows the movement of the instability line from 09 JST, July 6 to 06 JST, July 7 which was inferred from surface analysis at 3-hour intervals. Since there was a report that a shower occurred west of Cheju Island, Korea at 09 IST, July 6, the formation of the instability line seems to have started in the vicinity of this island on the morning of this day, though the data available were not enough to fix it. As this continued to develop, the instability line moved southward at a speed of about 15 km/hr until it reached the latitudinal circle of 30°N on the early morning of July 7. In the meanwhile, hail was observed at 1130 and 1400 JST with its passage. After 21 JST, July 6 it rapidly grew northeastward on its eastern edge, which reached the Korean Strait by 03 JST, July 7.
Low-level jet stream
Severe storms often accompany a low-level jet stream (MEANS, 1954) and an area of convective activity occurs in a band along it (e.g., MATSUMOTO AND NINOMIYA, 1971; BROWNING AND PARDOE, 1973; NINOMIYA AND AKIYAMA, 1974) . In the Baiu season a belt of convective activity is found to run along the low-level jet even in the severalday mean field (MATSUMOTO ET AL., 1970 and . Generally a belt of convective activity is along the lower pressure side of the low-level jet.
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In the present case a dense network of aerological observations carried out in the vicinity of Kyushu revealed that on July 7 the instability line was accompanied by a pronounced low-level jet stream (MATsuMOTO, 1972; NINOMIYA AND AKIYAMA, 1974; YABANA AND MIYAZAWA, 1974) . These studies emphasize the important role which the interaction between cumulus convections and the low-level jet plays in the process of their maintenance.
It is therefore interesting to examine whether a low-level jet also occurred along the instability line on July 6. Although it is not easy to show definitely the existence of a low-level jet with observed winds in the sparse aerological network in the northern East China Sea and the Yellow Sea, there is some evidence indicating the occurrence of one along the instability line on July 6. Fig. 4 is the vertical-time cross section of observed wind at Mosulpo (47-187) in Cheju Island from 09 JST, July 4 to 21 JST, July 7, 1970. Evidently the vertical wind profile at Mosulpo shows a maximum in speed at about 700-mb level during the period from 09 JST, July 5 to 21 JST, July 6. Particularly at 21 JST, July 5 a maximum in wind speed exceeds 25 m/sec with its remarkable decrease above it. It may be judged from this fact that there was a wind speed maximum at about 700-mb level over the northern East China Sea on July 5 and 6.
In order to see the horizontal distribution on the inferred level of wind speed maximum, i.e., on the 700-mb level, Figs. 5a to c are constructed, which show the distributions of observed winds (plotted by barbs) and calculated wind speed (solid lines labelled in m/sec) from the balance equation based on subjective height analysis by hand. Grid spacing used is 2° longitude and 2° latitude.
As seen from a contour of 3060 gpm drawn by a dashed line, a low over the Korean Penninsula has an elongated contour pattern.
Two strong wind zones in excess of 15 misec can be found out on opposite sides of the axis of low pressure.
Of two strong wind zones, a southern one runs from the Yellow Sea toward the vicinity of Kyushu. It may therefore be concluded from Figs. 4 and 5 that on July 6 a low-level jet also occurred over the northern East China Sea where the instability line developed. From a comparison between Figs. 3 and 5, it is seen that the instability line is situated roughly along the low-level jet on the 6th as well as on the 7th. The wind field around the low rotated slowly counterclockwise, showing a tendency toward a circular pattern.
The inferred orientation of the low-level jet was NW to SE, WNW to ESE, W to E, and SW to NE at 21 JST on the 5th, 09 JST and 21 JST on the 6th and 09 JST on the 7th, respectively.
Corresponding to such change of orientation of the lowlevel jet, the instability line turned so that it retained its relative position to the lowlevel jet. The rough coincidence in location between them suggests their close relationship to each other. However, sparse data make it difficult to ascertain the running of the instability line along the lower pressure side of the jet on July 6.
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It should be noted that the low-level jet already occurred at 21 JST, July 5 before the development of the instability line. This means that convective transport of momentum did not play an essential role in the fomation of the low-level jet in the present case. But it does not, of course, mean that the low-level jet had not been accompanied by the transverse circulation which acts as an organizer of convections into a band along the jet. After the formation of the instability line cumulus convections may intensify the low-level jet through the mechanism proposed by MATSUMOTO AND NINOMIYA (1971)..
Some features of large-scale conditions
In the previous section it was shown that the instability line began to develop on the morning of July 6, and that prior to the development of the instability line a lowlevel jet had occurred, which might act as an organizer of convections into a band. The initiation of cumulus convection may be attributed to the change of large-scale conditions such as vertical stability and vertical air motion. It is generally accepted that the upward motion on a large scale is one of the important factors which lead to the release of unstable vertical stratification through the development of cumulus convection (e.g., NEWTON, 1967) . Let us see the change in the vertical motion field on a large scale before and after the formation of the instability line.
First, in order to obtain an outline of the vertical motion field in the middle troposphere, the distributions of 500-mb height (solid lines) and 700-to-300 mb thickness (dashed lines) are shown in Figs. 6a to c. Since the top of the cold core of the cut-off low was at about the 250-mb level, the thickness distribution shown here may be considered to indicate aptly the mean temperature distribution in the mid-troposphere around the cut-off low without any influence of the warm air overlying the cold core.
On the 500-mb level, the center of the cut-off low mostly stayed over the Korean Penninsula during the period from 21 JST, July 5 to 21 JST, July 6. In a satellite cloud photograph taken at 1449 JST, July 6 (see Fig. 2 ), an extensive cloud area associated with the cut-off low covers the Korean Penninsula and the western Japan Sea. On the preceding day this cloud area extended northwestward and united with a cloud area over the Northeast District of China to form a large cloud band along the east side of the cold trough. Cloud distribution shown in Fig. 2 indicates that the cut-off low was formed completely from the cold trough on July 6 (see, e.g., ANDERSON AND VELTISHCHEV, 1973) .
At 21 JST, July 5 (Fig. 6a) , the cold air to the west of the cut-off low moves southeastward with the north-northwesterly and there is a prominent cold advection only in the front of it. On the other hand, a warm advection prevails exclusively on the east side of the low. At 09 JST, July 6 when the cold core displaced to the southwest of the center of the low (Fig. 6b) , a cold advection area is still found over the northern East China Sea. In this stage where the cold air was cut off completely, the warm advection became apparent upstream of the cold core over the Yellow Sea. At 21 JST on that day (Fig. 6c ) the cold core moved toward the south of the low and the cold advection downstream of it weakened slightly, while the warm advection upstream intensified and spread over the southern Yellow Sea and the northern East China Sea.
In order to confirm the intensification of upward motion in the region in question about the time of the development of the instability line, as expected from the thermal advection mentioned above, vertical velocity was calculated from the co-equation in the form with the use of subjective height analysis. The computation region with the top and the bottom at 200 mb and 1,000 mb, respectively, is divided into 4 layers with a depth of 200 mb each. The grid spacing is 2° longitude and 2° latitude. The distribution of vertical velocity at 600-mb level thus obtained is shown in Figs. 7a to c. The lateral boundary where there is no vertical motion is drawn in thick solid lines. It should be noted that calculated vertical velocities do not represent mesoscale ones such as the vertical circulation accompanied by the instability line.
As is expected from the thermal advection shown in Figs. 6, the field of vertical motion in the mid-troposphere turned from a downward to upward sense in the region in question about the time when the instability line began to develop. At 21 JST, July 5 (Fig. 7a) , the Yellow Sea, the northern East China Sea and Kyushu were under the downward motion with its maximum intensity of 2.4 x 10-3 mb/sec west of Kyushu.
At 09 JST, July 6 ( Fig. 7b ) the center of the downward motion remained west of Kyushu, but its intensity weakened to 1.6 x 10-3 mb/sec. Afterwards the area of downward current moved eastwards, its maximum velocity decreasing and reached east of Kyushu at 21 JST, July 6 ( Fig. 7c) , when its maximum downward current is estimated to have been 1.2 X 10-3 mb/sec. Upstream of the cold core, on the other hand, weak upward motion within a small area appeared in the Gulf of Pechili at 21 JST, July 5, and moved, intensifying, as the warm advection developed southeastwards.
At 09 JST, July 6 its center shifted over the Santung Penninsula and the area of upward motion spread over the Yellow Sea. At 21 JST, July 6 the area of upward current could be found in the whole of East China Sea and the maximum intensity increased to -1.2 x 10-3 mb/sec.
Strengthening
of vertical motion over the northern East China Sea on the 6th is corroborated by the time change of relative humidity observed at Mosulpo (47-187), which is illustrated in Fig. 8 . On the 5th, when this island was under the prominent cold advection, the moist layer was confined to below the 900-mb level and the air was very dry, i.e., less than 20 per cent, above the 800-mb level. Then the lower troposphere got moist rapidly with the intensification of upward motion, and the moist layer with a relative humidity of more than 80 per cent grew up to the 500-mb level at 21 JST, July 6.
To sum up, about the time when the instability line began to develop, the cold core passed over the region in question, and the warm advection upstream of the cold core became apparent in the completely cut-off process of the cold air. It may therefore be considered that cumulus convections along the instability line were initiated by a decrease in static stability under the cold core and the approach of an intensifying warm advection area, in other words, the intensification of upward currents in the mid-troposphere upstream of the cold core.
It is seen from a comparison between Figs. lb and 7c that the upstream part of the instability line lay in the region of upward motion and the downwind part intruded into the region of downward current. This situation is characteristic of a large-scale radar 178S.
XXVI No. 4 echo band (TATEHIRA, 1971) . According to TATEHIRA (1971) , a large-scale echo band decays into stratiform type within the region of downward motion and does not extend into the region of downward motion stronger than 2 mb/hr (.=-0.56 x 10-3 mb/sec) at 600 or 700 mb. This is true for the case at 21 JST, July 6 ( Fig. 7c) . The region where the instability line developed was under the downward motion stronger than 2 mb/hr before '09 JST , July 6; and at 21 JST, July 5 there was no distinct upward motion upstream of the cold core.
Summary and discussion
It was shown that the instability line which was observed in the vicinity of Kyushu in the southeast quadrant of a cut-off low on July 7, 1970 started to develop over the northern East China Sea in the southwest quadrant of the cut-off low on the morning of July 6. The instability line seemed to be associated with a low-level jet stream on July 6 as well as on July 7. It is therefore suggested that the low-level jet stream played an important role in organization of cumulus convections into a band. However, it is not considered that the generation of the low-level jet resulted from the interaction of convections with the large-scale environment, since it had already occurred prior to the formation of the instability line. It was also shown that initiation of cumulus-convective activity was due to changes in large-scale atmospheric conditions: the decrease in static stability due to the passage of the cold core of the cut-off low and the intensification of upward motion upstream of it.
It is considered that the formation of the low-level jet arose from combined influence of the upper cold low and a lower cyclone which resulted from a decayed typhoon. Typhoon No. 7002 passed across the Kinki district to the Japan Sea on July 5 and decayed into an extratropical cyclone, which then moved westward toward the Korean Penninsula on the 6th (Figs. la and b) . In the meanwhile, the cyclone with more intense vorticity over the larger area in the lower layers made the cold air go down southwestward from the northern Japan Sea to the Korean Penninsula in the lower troposphere, so that a large SW-to-NE temperature gradient was produced in the vicinity of the Korean Penninsula.
On the other hand, above the mid-troposphere the southeastward invasion of the cold air into the Yellow Sea yielded an increase of NE-to-SW temperature gradient, i.e., opposite to that in the lower layers, over the Korean Penninsula (see Fig. 5a ). It is therefore expected from the thermal wind relation that a low-level jet occurs along the zone of concentrated temperature gradient in the lower troposphere.
Organization of cumulus convections into a band along the low-level jet is explained from the transverse circulation around the jet (MATSUMOTO AND NINOMIYA, 1971; BROWNING AND PARDOE, 1973) . In the present case it was difficult to demonstrate the mososcale convergence in the lower layers associated with the low-level jet about the time of the formation of the instability line because of sparseness of data in the region under consideration.
With respect to this explanation, it is interesting to note that the rapid northeastward extension of the instability line occurred from 21 JST, July 6 to 03 JST, July 7. Its apparent speed of extension is estimated to be 70 to 80 km/hr. Since the axis of the low-level jet lay about 32°N during this period, its rapid extension up to the 35°N latitude does not seem to be due to the transverse circulation associated with the lowlevel jet or to the kinematical role of the strong wind, which TATEHIRA (1971) emphasizes in the formation process of a large radar echo band. 1975Development of an Instability Line under a Cut-off Low179 LEWIS ET AL. (1974) showed that the convergence area occurred in the lower layers prior to the generation of mesoscale disturbance.
It is here noted that there appears to exist a surface convergence zone to the west of the south-southwesterly wind region west of Kyushu at 21 JST, July 6 ( Fig. lb) . This SSW wind region expanded from middle Kyushu toward the west, and may be due to the topographic effect of Kyushu Island. Since the cold core displaced northeastward after 21 JST, July 6, the convergence in the lower layers and the decrease in static stability caused by the approach of the cold core may have been responsible for the new generation of convections in line. Then, accompanying the rotation of the wind field, the low-level jet oriented SW to NE, and it is considered that the low-level jet made the instability line persist for a long time.
